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I. Summary of research and related education and outreach efforts conducted 
under this NASA/JOVE grant. (Attach additional page(s ) and/or relevant documentation 
as necessary.) 

This project dealt with design, analysis, and testing of new types of planar and 
integrated antennas operating in the microwave frequency range. The following was 
accomplished during this project period: 

(1) Research Results : the following planar antennas were designed, analyzed, and 
tested: 

(a) A uniplanar. coolanar waveguide / slotline balanced mixer integrated with a slot 
antenna : The mixer utilizes even and odd modes on a coplanar waveguide to 
create a singly balanced mixer. The RF signal is fed quasi-optically as an even 
mode on the coplanar waveguide through a slot antenna while the local 
oscillator signal is fed to the waveguide as an odd mode through and even mode 
to odd mode converter. The two signals mix in two Schottky diodes to produce 
the IF signal. The resulting mixer circuit is simple, compact, and efficient. 
Analysis was carried out using the Finite-Difference Time-Domain (FDTD) 
method. 

(b) A double-balanced mixer integrated with twin-slot antenna: The circuit in part (a) 
was successfully modified to produce a doubly balanced mixer using four 
Schottky diodes and twin slot antennas. A low conversion loss was obtained. 

(c) A broadband two-laver microstrio antenna fed using a rectangular ring - type 
slot : The antenna consists of two stacked subtrates, the bottom substrate has a 
rectangular conductor patch on one side and a rectangular loop slot in a ground 
plane on the other side. The top substrate has a rectangular patch on one side 
only. The loop slot is used for feeding the antenna using a coaxial cable or a 
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coplanar waveguide. Different combinations of dielectric constants for the two 
substrates were investigated. Analysis and simulation were carried out using the 
FDTD method. Measurements were performed using a microwave network 
analyzer and a near-field antenna measurement system. A broad bandwidth 
was obtained; the best bandwidth was achieved using a combination of high/low 
dielectric constants. The antennas produced low cross polarization and low 
back radiation. The designs are amenable for integration with active devices to 
produce active microstrip antennas. 

(d) A meander loop microstrip antenna : A gap-coupled meander loop single-layer 
microstrip antenna suitable for the low microwave frequency range was 
investigated. This antenna occupies smaller area than conventional microstrip 
patches for the same operating frequency. The loop produces linear polarization 
and narrow bandwidth. Circular polarization was obtained by adding a small 
perturbation to the loop. Bandwidth can be improved using multilayer 
configurations. Analysis and simulation were carried out using the FDTD 
method and measurements were performed using a near-field antenna 
measurement system. 

(2) Educational Results : educational achievements during the project period include 
major capstone design projects for senior students, , creation of new laboratories, 
and course development / improvement. The following summarizes these 
accomplishments: 

(a) Senior Design Projects: 

(i) Judy Salvati, "Plane-Polar near field antenna measurements," 

December 1997. 

(ii) Jonathan Frederick, "Uniplanar Microwave mixer integrated with a slot 
antenna," December 1997. 

(iii) K. Velasquez, "A New Broadband Stacked Patch Microstrip Antenna", 
May 2000. 
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(iv) Brian Johnson, "The meander loop microstrip antenna," May 2000. 

(v) Michael Bestenheider, "Comparative study of several thin film 
microwave power dividers and hybrid couplers," May 2000. 

(b) Laboratory development: Two modern laboratories were created: Microwaves 
Laboratory and Antennas Laboratory. The laboratories are equipped with state 
of the art measurement equipment and design and simulation software. 
Equipment include two 20-GHz Vector network analyzers, 20-GHz scalar 
network analyzer, 50-GHz spectrum analyzer, 35-ps time-domain reflectometry / 
transmission with digitizing oscilloscope for time domain measurements, 3’x3' 
precise planar near-field measurement system, an educational far-field antenna 
measurement system, 1-GHz impedance analyzer, RF oscilloscopes, computer- 
controlled milling machine and SMT soldering station for fabrication of 
microwave circuits and antenna prototypes, and Windows NT and Unix 
workstations. Software packages include Libra (for RF/microwave circuit 
design), HFSS (for frequency-domain full wave analysis of high frequency 
structure using the finite element method), and XFDTD (implements the finite- 
difference time-domain method for solving Maxwell’s equations in three 
dimensions). The microwave lab also includes optical instrumentation for 
microwave photonics applications. The two laboratories are used for instruction 
of three undergraduate courses, senior design projects, and research. 

(c) Course development / improvement: New graduate courses were developed 
including Microwave Circuits, Antennas and Wave Propagation, Numerical 
Methods in Electromagnetics, and Satellite Communications. Major 
improvements were made to the undergraduate courses Electromagnetics 1 , 
Electromagnetics 2, and Microwave Fundamentals, Microwave Fundamentals 
Laboratory, and Microwave Circuits Laboratory. Improvements include 
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reorganization of the electromagnetics sequence, assignments of design 
projects, and creation of new lab manuals. 

(3) Publications: The following papers were published or currently under preparation: 

(i) M. A. Saed, "Source Modeling in the Finite-Difference Time-Domain 
Method," presented at the IEEE AP-S International Symposium and 
URSI Radio Science Meeting, Montreal, Canada, July 13-18, 1996. 
(Digest page 1 30) 

(ii) M. A. Saed and J. Fredrick, “A New Uniplanar Coplanar Waveguide / 
Slotline Balanced Mixer,” Journal of Electromagnetic Waves and 
Applications, Vol. 13, pp. 1531-1537, 1999. 

(iii) M. A. Saed and K. Velasquez, “A Broadband Two-Layer Microstrip 
Antenna Fed by a Rectangular Loop," in preparation, will be submitted 
to the Journal of Electromagnetic Waves and Applications. 

(iv) M. A. Saed, “The meander Loop Microstrip Antenna," in preparation, will 
be submitted to the IEEE Transactions on Antennas and Propagation. 
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II. Please provide a list of all subject inventions/patents as a result of your grant 
or provide a statement that there were none. 



Signature Date 
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The Finite-Difference Time-Domain method (FDTD) is well known and very 
widely used in various applications such as scattering, microwave circuits, 
bioelectromagnet ic simulations, antennas, subpicosecond photonic devices, and 
high speed electronic circuits. Among other factors, the accuracy of all these 
simulations is strongly dependent on accurate modeling of the excitation sources. 
Usually, in FDTD implementations, the source-free Maxwell's equations are 
discretized in a leap-frog time-stepping scheme. Then, hard sources are added to 
the computational domain by forcing some field components at some locations to 
equal the desired excitation pulse or sinusoid. Pulse sources must be placed far 
enough from the first discontinuity so that they expire and then removed before 
seeing the first reflection. This is computationally inefficient since it necessitates a 
large computational domain. Furthermore, such sources may be impossible to 
remove before the arrival of the first reflection in many applications such as high 
speed electronic circuits. Sinusoidal sources cannot be removed and must be 
turned on for the entire simulation time. This causes spurious reflections since the 
field components representing the sources are not updated using Maxwell's 
equations, but instead are forced to equal the desired sinusoidal function all the 
time. 

In this paper, we present source models that solve the above problems associated 
with commonly used source models. Our FDTD implements the discretized 
Maxwell's equations for regions with sources. The sources do not need to be 
removed and all the field components at those locations are updated according to 
Maxwell's equations. The sources do not cause spurious reflections and can be 
placed close to the discontinuities saving valuable computation time. The details 
of the implementation, numerical results, and source models for probe and aperture 
coupling will be presented at the conference. 
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A NEW UNIPLANAR COPLANAR WAVEGUIDE/ 
SLOTLINE BALANCED MIXER 

M. A. Saed and J. D. Fredrick 

Department of Electrical Engineering 
State University of New York 
75 South Manheim Blvd. 

New Paltz, New York 12561, USA 

Abstract-This paper presents a new uniplanar microwave mixer cir- 
cuit. The mixer utilizes even and odd modes on a coplanar waveguide 
to create a singly balanced mixer. The RF signal is fed quasi-optically 
as an even mode on a coplanar waveguide through a slot antenna while 
the local oscillator signal is fed to the same coplanar waveguide as an 
odd mode through an even-mode to odd-mode converter. The result- 
ing mixer circuit is simple, compact, efficient, and can be scaled easily 
to millimeter wave frequencies. 

1. INTRODUCTION 

Uniplanar designs for microwave and millimeter wave circuits are suit- 
able for integration using monolithic techniques. Active components 
can be easily integrated since the need for via holes and backside metal- 
lization are eliminated. Balanced mixer circuits described in the liter- 
ature usually require 3-dB hybrid couplers such as rat-race or quadra- 
ture hybrids [1, 2]. Other designs [3] use traditional planar baluns [4] 
to realize the proper configuration for a balanced mixer. To reduce the 
size of the circuit and to extend the frequency range into millimeter and 
submillimeter waves, quasi-optical techniques have been used [5-7]. In 
this paper, a new design for a singly balanced mixer circuit is investi- 
gated. The mixer utilizes even and odd modes on a coplanar waveguide 
to create the balanced mixer. The RF signal is fed quasi-optically as 
an even mode on a coplanar waveguide through a slot antenna while 
the local oscillator signal is fed to the same coplanar waveguide as an 
odd mode through an even-mode to odd-mode converter. The need 



1532 


Saed and Fredrick 


for a 3-dB hybrid coupler is eliminated resulting in a compact circuit 
suitable for monolithic fabrication, which can be easily scaled to mil- 
limeter wave frequencies. The even-mode to odd-mode converter and 
the overall mixer circuit with measurement results are presented in 
section 2 followed by conclusions in section 3. 



2. MIXER CIRCUIT 

The proposed mixer is shown in Figure 1. It consists of an even- 
mode to odd-mode converter using coplanar waveguides and a slotline, 
two Schottky diodes, a slot antenna, and a stepped-impedance low- 
pass filter. The local oscillator (LO) signal is fed to this converter so 
that a slotline mode is produced on a coplanar waveguide. The radio 
frequency (RF) signal is fed to the same coplanar waveguide quasi- 
optically through a slot antenna. Two Schottky diodes connected in 
series are attached to the coplanar waveguide. This arrangement en- 
sures that the diodes axe excited properly by the LO and RF signals 
as required in a balanced mixer, as illustrated in figure 1. The in- 
termediate frequency (IF) signal is extracted using a low-pass filter. 
Several mechanisms inherent in the design ensure excellent LO to IF 
isolation. First, the LO signal is reflected back to the diodes by the 
air bridge at the antenna which shorts out the slotline mode (the LO 
signal), second, the slot antenna itself will reflect the LO signal back 
since it cannot radiate the slotline mode at the design frequency (the 
two sides of the slot will be excited with opposite polarization), and 
finally the IF low-pass filter will provide even further attenuation. The 
RF to LO isolation is also excellent since the RF signal received by the 
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Figure 2. Back to back balun. 


slot antenna excites the even-mode in the coplanar waveguide which 
cannot pass through the slotline to the LO, instead, it will be reflected 
back to the diodes. RF to IF isolation is ensured by the low-pass filter. 


Balun No. 

l (mm) 

d (mm) 

g (mm) 

3 (mm) 

t (mm) 

1 

2.86 

3.3 

0.508 

1.392 

7 

2 

2.86 

2.8 

0.508 

0.892 

7 

3 

2.26 

2.8 

0.508 

0.892 

7 


Table 1. Dimension of back to back baluns. 

The even-mode to odd-mode converter uses a coplanar waveguide 
to slotline transition. This transition is a modification to a balun pro- 
posed in [8]. In [8], the center conductor of the coplanar waveguide 
is abruptly truncated. Experimentally, a tapered center conductor 
yielded a better return loss over a wide bandwidth. The dimensions 
of the interdigital section of the coplanar waveguide determine the fre- 
quency range for which the balun performs well. Several back to back 
baluns, as shown in Figure 2, were fabricated using a milling machine 
on an RT/Duroid 6010.8 dielectric substrate which has a dielectric 
constant of 10.8 and thickness of 0.65 mm. Figures 3 and 4 show the 
measured return loss and insertion loss, respectively, for three baluns 
with the dimensions given in Table 1. The input and output copla- 
nar waveguides are designed to have 50 ohm characteristic impedances 
(gap width Gw = 0.508mm and strip width Sw = 1.785 mm). The 
slotline has a gap width Gs = 0.28 mm resulting in 85 ohm charac- 
teristic impedance. We selected balun #3 in our overall mixer since it 
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Frequency In GHz 

Figure 3. Measured return loss of back to back baluns. 



Figure 4. Measured insertion loss of back to back baluns. 


i 
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Figure 5. Mixer’s isotropic conversion loss for three LO frequencies. 

provides very good return loss and insertion loss over a wide bandwidth 
centered at our design frequency of 10 GHz. 

To make sure that the converter transforms the even-mode to an 
odd-mode we fabricated and tested the converter by itself using balun 
# 3. Since the coaxial adapters attached to the input and output copla- 
nar waveguides short out the odd-mode (the slotline mode) we expect 
to see very little transmission and very high reflection if the converter 
is working properly. Measurements confirmed our expectation where 
the measured return loss was very high and the insertion loss was less 
than —32 dB for the entire A-band. 

The overall mixer was fabricated using a precision milling machine. 
The diodes used were low-barrier zero-bias Schottky diodes. The slot 
antenna was designed to operate at the second resonance [9] with a 
length of 15 mm and slot width of 0.8 mm. Twin slot antennas at- 
tached to a dielectric lens [7, 10] can be used instead to make the an- 
tenna unidirectional and to improve directivity. The isotropic conver- 
sion loss of the mixer was measured for several RF frequencies as shown 
in figure 5. The LO frequency was chosen at 10, 10.5, and 11 GHz. 
A minimum conversion loss of 3 dB at 11.3 GHz RF frequency was 
obtained for 11 GHz LO frequency. The LO to IF isolation was better 
than -45 dB’s for all frequencies measured. The overall performance 
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can be enhanced further with more accurate fabrication techniques, 
better diodes, and by using twin-slot antennas attached to a dielectric 
lens. 


3. CONCLUSION 

We have successfully demonstrated a new, simple, and efficient uni- 
planar mixer suitable for microwave and millimeter wave frequencies. 
Balanced mixing was obtained utilizing even and odd modes on copla- 
nar waveguides with good conversion loss and isolation. The mixer 
performance can be enhanced by monolithic fabrication. The design 
can be easily extended to use twin-slot antennas and a dielectric lens 
at millimeter wave frequencies. 
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